Background
Results
Twenty two publications performed a meta-analysis on the effect of exercise therapy on exercise capacity in heart failure patients. Eleven (50%) publications did not directly report the approach for dealing with missing change SDs. Approaches reported and utilised to deal with missing change SDs included imputation, actual and approximate algebraic recalculation using study level summary statistics and exclusion of studies.
Conclusion
Change SDs are often not reported in trial papers and while in the first instance meta-analysts should attempt to obtain missing data from trial authors, this information is frequently not forthcoming. Meta-analysts are then forced to make a decision on how these trials and missing data are to be handled. Whilst not one approach is favoured for dealing with this Introduction population and therefore is a suitable model upon which to investigate methodological approaches utilised. The primary aim of this review was to investigate what approaches were reported by meta-analysts for handling missing change SDs in the analysis of exercise capacity after exercise therapy interventions in heart failure patients.
Methods

Search strategy
Potential studies were identified by conducting systematic searches of PubMed, EMBASE, and the Cochrane Library from 1 st January 2014 to 31 st March 2018. Search terms were pre-specified. The following search terms were utilised to search databases: "heart failure", "exercise", "aerobic exercise", "resistance training", "yoga", "tai chi", "functional electrical stimulation", "inspiratory muscle training", "hydrotherapy", "physical activity", "physiotherapy", "Kinesiotherapy", "cardiac rehabilitation", and "exercise therapy". The search was limited to systematic reviews and meta-analyses published in English from 2014 to 2018. The search strategy is presented in S1 Appendix. One reviewer (MJP) conducted the search and two reviewers (MJP and NAS) screened the titles and abstracts of identified citations using pre-specified eligibility criteria. Potentially relevant publications were then fully reviewed to identify studies for inclusion.
Inclusion criteria
Publications were included if they were published in English between 1st January 2014 and 31 st March, 2018. The search period was limited as there are numerous meta-analyses in this field and new methods have been introduced, so we wished to provide a contemporary approach. Meta-analyses were included if they analysed continuous variables of either VO 2peak , 6MWT, peak power, exercise time or combined exercise capacity, in heart failure patients undertaking exercise training. As the issue of missing SDs is generally more of a problem when the MA is conducted using the mean difference or standardised mean difference for change (pre-post intervention) between an intervention and control group, for the purpose of this review we only included MAs that conducted statistical analysis using the change score method; hence MAs that utilised follow-up methods for analysis were excluded. Exercise training included any form of exercise therapy, including physical therapy modalities of functional electrical stimulation and inspiratory muscle training. Meta-analyses included studies of any design. Meta-analyses in which other interventions were analysed, i.e., pharmacological therapy or diet, were only included if exercise was analysed separately. Publications which identified themselves as a meta-regression analysis were included only if they provided the methods, results and details of the associated meta-analysis.
Exclusion criteria
Meta-analyses were excluded if they included populations in addition to heart failure patients, even if heart failure patients were included and a separate analysis and/or a sub analysis were provided on heart failure patients. Abstracts or articles not available as full-text and nonEnglish publications were excluded. Meta-analyses were excluded if they did not analyse the specified outcomes.
included in analyses, 3) type of intervention, 4) exercise capacity outcome measure, 5) statistical methods applied for meta-analysis, and 6) details of methods reported and utilised to handle missing SDs.
Data analysis
The primary outcome to be assessed in the review was identification of the reported approach in meta-analyses for dealing with missing change SDs. Meta-analyses, including supplementary files were individually reviewed and categorised based on the approach reported in the publications to handle missing change SDs. Meta-analyses were allocated to one of four categories 1) No clear approach reported, 2) Algebraic or approximate algebraic recalculation of SD, 3) Imputed SD, and 4) No imputation (studies with unrecoverable missing change SDs were excluded from the meta-analysis). Where studies reported using more than one method for dealing with missing change SDs (e.g., use of algebraic calculation and imputation) they were allocated to both categories in the results. Where no approach for handling missing change SDs was reported, our secondary aim was to examine, where possible, a random selection of studies in the identified meta-analysis in an attempt to ascertain what approach may have been adopted by the meta-analyst.
Results
The initial search generated a total of 779 articles. After removal of duplicates and exclusion of articles based on abstract and title, 38 full-text articles remained for screening. Full screening resulted in 22 articles meeting the stated inclusion criteria (Fig 1) . Details of MAs reviewed, but excluded are provided in S1 Table.
Characteristics of included meta-analyses
A general description of included analyses is provided in 
Reported approaches for handling missing change SDs
A number of publications note contacting authors for missing and raw data; however, no MA reported the specific details on any SD data requested, and if the requested information was provided. A number of MAs within the review reported in the methods that more than one approach for dealing with missing change SDs would be adopted if required. Specifically, two MAs [24] [28] reported that algebraic recalculation from summary statistics (i.e, t-values or 95%CI) would be used, an in addition data presented as median (IQR) would be converted. Only one MA [21] reported that a correlation coefficient would be used where possible, but if no data was available for this calculation then the study would be excluded. Only one MA quantified the number of studies with missing SDs and how each of these studies was dealt with [21] . However, this was specifically in regard to the pre and/or post SD required to calculate a change SD [21] . Two MAs [12, 29] report the exclusion of studies if suitable data was not available, however, this appears to be only in the case where both mean and SD were missing. Only one MA [21] , specifically reported excluding a study due to missing pre/post SD required to impute a change SD, and no other MA utilising change values for meta-analysis made reference to the possibility of missing pre or post SDs and how this would be handled. Table 2 provides a summary of approaches as reported in the MAs to deal with missing change SDs.
1) No method of handling missing change SD reported.
Overall eleven [12, 17, 22, 23 , 25-27, 29, 31-33] MAs failed to report anywhere within the publication any clear approach to deal with missing change SDs. Further examination of the 11 MAs revealed a range of methods were utilised in these analyses, including actual and approximate algebraic recalculations using actual or default p-values, post-intervention SDs and imputed SDs using correlation values (Table 3) .
2) Algebraic or approximate algebraic recalculation of SD. One MA [28] noted that the t-value was utilised to calculate SD change. Five MAs [13, 14, 18, 19, 24] report utilising CIs, actual p-values or default p-values when an exact p-value was not available. Hence, in the case of default p-values the SD value becomes an approximate algebraic recalculation. Further individual examination of 4 MAs [13, 14, 18, 19] that noted using actual or approximate p-values revealed that both actual and default p-values were utilised. Further review of one MAs [24] indicated that while the CI was reported as being utilised, the post intervention SD was directly substituted for the change SD in the analysis. One [21] MA noted the extraction of data from one included study using visual analysis.
3) Imputation of SD. If baseline and follow-up SDs are known, it is possible to calculate a missing change SD using a value that represents the correlation between baseline and followup scores [6] . If the actual correlation coefficient is not reported this value can be imputed [6] . Three MAs [15, 16, 30] reported utilising a specific correlation value to calculate the change SD. Values of 0.8 [16] , 0.5 [15] and 0.7[30] were utilised, however, only the study that utilised 0.5 noted why, stipulating it was a conservative value [15] . One additional MA [21] noted using this same method to calculate the SD of each study; however, the correlation value was not reported. Direct substitution was only reported in one MA [20] , with the baseline SD utilised. Four MAs [17, 24, 28, 29] noted the conversion of median and interquartile (IQR) to mean ±SD. Of these, one [17] calculated the SD using IQR/1.35, one [24] [14, 18, 19 ] that adopted the approach of utilising default p-values when actual values were not available, did however note that this approach was a limitation, which could "introduce errors" into the analysis.
The problem of missing change SD and reporting of methods. While it is possible that authors do not report on a method for dealing with missing change SDs due to the fact that no change SDs are missing for included studies, it has and continues to be consistently reported over time that missing change SDs are a problem. In an attempt to understand and highlight the nature of the problem over time, we conducted a review of three meta-analyses (based on the eligibility criteria for this review) from three different time periods. In 2004 the first Cochrane Review[35] of exercise-based rehabilitation in heart failure patients conducted a statistical analysis of VO 2peak and 6MWT. The review does report a method for dealing with missing change SDs, outlining the following method: "Where standard deviation differences were not reported in the source papers, allowance has been made for within patient correlation from baseline to follow-up measurements by using the correlation coefficient between the two (Cochrane Heart Group; Follman 1992)". After conducting a review of the eight studies Directly substituted SD-Follow-up SD used as change SD 4 included in the analysis of the 6MWT, it is clear that the actual change mean±SD (or SE) was only reported in the source publications of three studies and this data subsequently utilised in the analysis. Based on a review of the publications of the remaining five included studies, it appears that only the pre and post intervention data were reported with no change data, hence the change SD has been imputed in the meta-analysis. No specific details of the exact correlation coefficient(s) utilised are provided, however, a brief audit of these studies indicates that a correlation value of 0.5, which is considered a conservative value, may have been utilised for these studies. Although 2004 is the first time, we aware of, that imputation techniques have been used, they did not become part of mainstream practice until about 10 years later. In a 2013 meta-analysis Smart and colleagues[36] examined the change in VO 2peak in functional electrical stimulation compared to cycling; five studies were included in the analysis. However, no trial included in the meta-analysis reported the change mean±SD in the published trial paper. The meta-analysis was performed using the change between pre and post intervention means for each intervention group and the change SD 
Discussion
This review examined methods currently reported and utilised to handle missing change SDs in the statistical analysis of exercise capacity in heart failure patients after exercise therapy interventions. While all publications in the current review included details of the applied statistical methods for meta-analysis, reporting of the specific approach that would be employed to handle missing change SDs was absent in 50% of publications. The omission of an approach to deal with missing change SD is not to say that the approach or methods applied by the metaanalysts are in anyway contrary to what is recommended. However it does raise a number of issues when interpreting the results and drawing conclusions. Not only does the interpretation of MAs become difficult with absent or ambiguous information, but insufficient detail on methods and assumptions applied to handle missing change SDs impacts the transparency and reproducibility of the meta-analysis [37] .
An increasing number of methods to dealing with missing variance data, including SDs are reported in the literature [7, 8, [38] [39] [40] . Of the MAs included in our review, use of algebraic or approximate algebraic recalculations using study summary statistics, was the most commonly reported approach. However, in the majority of cases, identification as to whether MAs utilised actual or approximate algebraic recalculations and which summary statistics, was only evident upon an individual examination of the studies included in the MAs.
Three imputation methods were reported in the reviewed publications; use of a correlation to calculate a change SD, direct substitution using an alternative SD (e.g., baseline or follow-up SD), and conversion of median (IQR) data. Missing change SDs can be calculated if pre and post SDs are available utilising an imputed value for the correlation coefficient [6] . The correlation value can be acquired from a number of sources, including using data from a similar study, from a similar meta-analysis, use of what is often considered a conservative value (0.5), or an assumption of no correlation (0.0), which is the most conservative [6, 7] . However, only one of the included MAs to adopt a correlation value provided a reason for the value. While median (IQR) data is actual, and not borrowed data it is also considered a method of imputation [7] , and hence was included as an approach in our review. Interestingly, while four MAs made note of the conversion of median (IQR) in the methods when no mean±SD was provide, only two of these provided an approach to dealing with missing change SDs when mean data was reported.
Only one [21] MA identified the studies with missing change SDs and how different approaches were applied. The finding that the majority of the MAs did not specifically identify which studies had imputed SDs or whether SD data was acquired from authors, is in accordance with findings of Page and Colleagues (2018) [37] in their review of reproducibility of research practices in systematic reviews.
In the case of approximate algebraic recalculation or imputation, no MA reported performing sensitivity analysis in regard to these assumptions. While previous studies have suggested that different methods of imputation for missing variances do not alter the conclusion of MAs [41, 42] , the results of these reviews in specific populations or involving specific interventions, cannot be generalised and applied to all MAs. Importantly, as imputation involves making assumptions, it is recommended that sensitivity analysis be performed to assess the impact of changing assumptions [6] [7] [8] .
Given the large percentage of publications without a clear statement of approach to dealing with missing change SDs, and in an attempt to create a more accurate picture of the range of methods currently utilised, we reviewed a sample of individual studies included within the identified MAs. Upon further investigation we were able to determine the methods utilised by the majority of authors; which were consistent with the reported approaches. We did not attempt to completely reproduce any meta-analysis, but identify what methods may have been utilised in the case of missing change SDs. Interestingly, two studies[43, 44] not meeting the inclusion criteria for the review, due to the use of follow-up scores for statistical analysis, specifically noted the use of follow-up scores due to the lack of reporting of change SDs.
One of the reasons for performing a meta-analysis is to increase statistical power and provide context [2] , and the omission of studies from a systematic review and meta-analysis due to missing SDs may result in bias and reduce the overall power [7] . If meta-analysts consider it inappropriate, for whatever reason, to calculate or impute missing SDs, it may be appropriate to present studies not included in the statistical analysis in a non-pooled tabulated format or provide an additional narrative review [6] [7] [8] so as not to exclude possible valuable information.
While individual studies are essential for providing data, with the increasing volume of studies, clinicians, researchers and policy makers have less time to sift through and make sense of this primary research. Systematic reviews and MAs therefore play a key role; however, a review is only as robust as the data supporting it; therefore rigor in design and reporting is crucial. A number of reporting guidelines exist to assist the meta-analyst, with the PRISMA Statement [3] one of the most frequently used. Designed to improve the transparency and reliability of systematic reviews and meta-analyses it states that authors should make note of how missing data was handled, any data transformations that are to be undertaken and which study results were not directly reported and required estimation [3] . In deciding on an approach to dealing with missing SDs, previously Wiebe and colleagues (2006) [7] provided a brief guideline, to which Weir et al. (2018) [8] suggest an additional step, and these guidelines represent a good starting point for the meta-analysts.
As best practice and in the first instance meta-analysts should attempt to contact trial authors for missing data. In the event that this information is not forthcoming, and as identified by Wiebe et al. (2006) [7] and Weir et al. (2018) [8] , meta-analysts should proceed based on the information available. Where exact summary statistics are available they can be used for algebraic recalculation of the change SD, however, when these are not available the meta-analyst is left with the option of excluding studies or imputing the change SD, utilising multiple imputation, single level imputation and/or use of nonparametric statistics. In imputing the missing change SDs meta-analysts are encouraged to explore several options and have a sound rationale as to the choice. However, in any event sensitivity analysis should be conducted where data is imputed. Furthermore, where approximate algebraic recalculation and imputation are utilised, meta-analysts should clearly note these as possible limitations in that errors of varying sizes could have been introduced into the analysis.
The identification of fifteen new methods for handling missing SDs [8] , in addition to the methods previously identified [7] , highlight the expansion of statistical methodology applied in meta-analyses. There is no consensus as to which approach for dealing with missing SDs is best[39] and meta-analysts need to consider not only why the SD may be missing, but also the best approach in order to provide a comprehensive and robust presentation of the available evidence. Therefore, to improve the value of MAs, authors are encouraged to accurately report what they did and what they found. Meta-analysts should not only report the approach and methodology for handling missing change SDs in the methods section, or supplementary material, but also detail the number of studies with missing change SDs and identify the studies to which a particular approach has been applied. This can be done annotated in tables or supplementary files. All of which increase the transparency and reliability of the MA.
Strengths and limitations in the systematic review
A limitation of this review was that it only considered MAs that measured exercise capacity as a continuous outcome, however, this is the most common continuous outcome reported to date in this population in regard to exercise training. Meta-analyses of other continuous outcomes may have reported and utilised additional methods to deal with missing change SD. Furthermore, the results of this review are only applicable to the population and intervention investigated. In studies in which no approach for handling missing change SDs was noted, we conducted a review of a sample of studies included in the MA in order to identify possible methods that had been applied.
Conclusion
Systematic reviews and meta-analyses are a key component of evidenced-based healthcare and provide valuable information for researchers. Currently there is no one or standardised approach utilised in dealing with missing change SDs when assessing continuous outcomes and exercise interventions in heart failure. As a minimum meta-analysts should clearly stipulate how they will handle missing change SDs in the methods, and conduct sensitivity analysis when SDs are imputed.
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